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Science and PoliticS of nutrition
Food based dietary patterns and chronic disease 
prevention
Matthias B Schulze and colleagues discuss current knowledge on the associations between 
dietary patterns and cancer, coronary heart disease, stroke, and type 2 diabetes, focusing on areas 
of uncertainty and future research directions
Can specific foods provide health benefits? Will adopting a spe-cific food pattern prevent major chronic diseases such as type 2 diabetes, cardiovascular disease, 
or cancer? Are exclusion diets—vegetarian or 
vegan diets or avoidance of foods contain-
ing gluten, lactose, or fructose—the key to 
good health? Should doctors advise patients 
to follow a paleolithic diet? The wide range 
of popular diet plans and concepts seems to 
continuously expand.1 But to what extent 
are their purported benefits supported by 
scientific evidence?
We have quali tat ively  assessed 
the available evidence from recent 
systematic reviews of long term studies 
to summarise current understanding of 
foods or dietary patterns and risk of major 
chronic diseases. Given that nutrition 
research has been criticised for providing 
apparently implausible results,2 3 which 
might contribute to the range of different 
popular diet concepts, we also discuss 
methodological approaches and specific 
challenges of conducting research on food 
intake patterns and health.
Evaluation of food patterns in nutrition studies
Given the relative stability of caloric intake 
by individual people, changes in dietary 
habits are generally characterised by sub-
stitution effects, where high consumption 
of some foods is associated with lower 
intake of other foods. This makes infer-
ences about individual foods particularly 
challenging. For this reason, researchers 
also study food patterns, which account 
for inter-relations of food choices, represent 
the cumulative exposure to different diet 
components, and may have stronger effects 
on health than any single component.4
Food patterns can be defined as the 
quantities, proportions, variety, or 
combination of different foods and drinks 
in diets, and the frequency with which they 
are habitually consumed.5 Given that food 
intake is a multi-dimensional exposure, 
there are obviously numerous different 
combinations of foods to potentially 
investigate. How these combinations 
are defined in nutrition research largely 
depends on the research question and 
study design. In intervention studies 
food intake is directly manipulated, but 
in observational studies exposure to food 
patterns is derived from self reported intake. 
Two main research methods have been 
used in this context.4 6 The first is using a 
priori defined indices intended to capture 
specific dietary patterns, such as measuring 
conformity to dietary guidelines. The 
second is using data driven (exploratory) 
statistical methods (predominantly cluster 
analysis,7 principal component and factor 
analysis,4 8 and reduced rank regression 
6 9) to characterise major patterns of food 
intake. Both approaches allow ranking and 
quantifying adherence of study participants 
to these patterns, which is needed to 
evaluate their association with disease risk. 
Both approaches and the corresponding 
statistical methods have their own specific 
strengths and limitations (table 1).
An evidence based approach can be 
used to investigate causality between 
the intake of individual foods or dietary 
patterns and human health. This approach 
considers factors such as temporality, 
consistency, and sources of bias.10 The 
strongest evidence is usually derived from 
randomised controlled trials because 
this design minimises confounding bias. 
But most of the data available come from 
observational studies on food intake and 
risk of chronic diseases. Prospective cohort 
studies have contributed substantially over 
the past 60 years to what is known today. 
Systematic reviews have summarised data 
from such studies and highlighted the 
importance of individual foods and dietary 
patterns in the prevention of chronic 
diseases.11-14
Health benefits and risks related to food intake 
and food patterns
Individual foods and health outcomes
Table 2 shows foods and beverages consist-
ently associated in the literature with risk 
of cancer, type 2 diabetes, coronary heart 
disease, or stroke. Higher consumption of 
whole grains is related to lower risk for most 
endpoints,11-14 whereas processed meat and 
unprocessed red meat consumption is asso-
ciated with an increased risk.11-14 Evidence 
for other foods is less consistent and might 
be disease specific— for example, fruits 
and vegetables are associated with lower 
risk of cancer,14 coronary heart disease, 
and stroke,12 13 but not type 2 diabetes.12 
The role of dairy foods remains unclear, 
with fermented dairy products being more 
convincingly related to lower cardiometa-
bolic disease risk than others11 12 and total 
dairy consumption seems relevant to colo-
rectal cancer.14 Sugar sweetened drinks 
are associated with increased risk of type 
2 diabetes,11 12 coronary heart disease,12 
13 and stroke,13 and coffee consumption 
is associated with lower risk of type 2 dia-
betes,11 12 cardiovascular disease,12 18 and 
several cancers,14 18 with beneficial effects 
being most prominent at consumption of 
3-5 cups a day.18
Healthy food patterns and health outcomes
In prospective cohort studies the Medi-
terranean diet has been associated with 
lower risk for cancer, type 2 diabetes, and 
cardiovascular disease.19 20 Similar findings 
were reported for the PREDIMED study, a 
randomised controlled trial of the Medi-
terranean diet supplemented with extra 
Key messages
•   Food based prevention of chronic 
disease risk should prioritise fruits, 
vegetables, whole grains and fish and 
lower consumption of red and pro-
cessed meats and sugar sweetened 
drinks
•   Higher consumption of nuts, legumes, 
vegetable oils, fermented dairy prod-
ucts, and coffee are further likely to 
confer benefit
•   Evidence comes from prospective 
observational and intervention stud-
ies, each study design having different 
strengths and limitations. Both types 
of studies should contribute to the 
evidence base
•   New analytical approaches are needed 
for nutrition research; eg, to account 
for measurement error, standardisa-
tion of exposure definitions, replica-
tion efforts, and the use of repeated 
dietary assessments
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virgin olive oil or nuts (fig 1).21 22 The pri-
mary endpoint of cardiovascular events 
was about 30% lower in the intervention 
groups than in the control group,21 and 
analyses of secondary endpoints support 
benefits for peripheral artery disease,23 
atrial fibrillation,24 type 2 diabetes,22 and 
breast cancer.25 The Mediterranean diet 
generally refers to a diet encouraging high 
intake of fruits, nuts and seeds, vegetables, 
fish, legumes, and cereals and limiting the 
intake of meat and dairy products. Moder-
ate intake of alcohol and olive oil as a major 
fat source have also been considered key 
components.26
Several other defined food patterns 
have been evaluated in terms of chronic 
disease risk. Indices measuring adherence 
to the Healthy Eating Index,27 Alternative 
Healthy Eating Index,28 and the Dietary 
Approaches to Stop Hypertension trial 
(DASH)29 30 have been associated with lower 
risk of cardiovascular events, cancer, and 
type 2 diabetes (fig 2).19 31Table 3 shows the 
composition of these diets in comparison 
to the Mediterranean diet. Heterogeneity 
regarding the actual composition 
of these food scores exists between 
studies.19 Although these diets may be 
recommendable, only the Mediterranean 
diet has been shown both in observational 
studies and a randomised trial to lower 
disease risk.
Notably, none of the diet plans captures 
fully the known benefits or detrimental 
effects of single foods; for example, the 
Mediterranean diet has traditionally not 
focused on whole grains or red meat.32 
Low fat dairy consumption is encouraged 
in the DASH diet, but discouraged in 
the Mediterranean diet, although the 
evidence for limiting dairy is sparse.29 The 
Mediterranean diet emphasises olive oil, 
whereas the DASH diet discourages intake 
of fats and the Alternative Healthy Eating 
Index refers to high polyunsaturated fatty 
acid intakes, which would largely reflect 
vegetable fat sources other than olive 
oil. Still, these data corroborate previous 
findings that increased adherence to 
dietary patterns that emphasise fruits, 
Box 1 Limitations of observational nutrition studies on foods and dietary patterns and suggestions 
for further research
Semiquantitative dietary data
•   Use new assessment methods; eg, multiple sources to estimate usual intake
•   Evaluate relative versus quantitative scores for dietary patterns and implications of 
differences in absolute intake levels
Measurement error
•   Develop and use measurement error correction methods
•   Investigate measurement error influences on dietary pattern composition
•   Investigate validity and reliability of dietary patterns
•   Develop new biomarkers of food intake and pattern adherence
Correlation of food intake and substitution
•   Investigate specific food substitution by statistical modelling
•   Investigate influence of energy adjustment in exploratory pattern analysis
Long term variability of intake
•   Repeat diet assessments
•   Investigate change in intake and subsequent risk
Varying scoring systems for defined food patterns
•   Investigate influences of scoring alternatives
•   Standardise scoring systems
Population specificity of exploratory patterns
•   Replicate pattern associations in independent study populations with varying dietary 
habits
Different food classification and grouping
•   Evaluate influence of food grouping on pattern structure
•   Standardise food grouping
Unclear contribution of individual components to pattern association
•   Systematically evaluate contribution of each component
Table 1 | Strengths and limitations of approaches to measuring food patterns
Defined patterns
Exploratory patterns
Cluster analysis Principal component and factor analysis Reduced rank regression
Strengths:
Information on a variety of food items 
can be described by a single score
Information on a variety of food items can 
be described by a few mutually exclusive 
clusters of people
Information on a variety of food items can be 
described by a few underlying uncorrelated 
patterns
Information on a variety of food items can be described 
by a few underlying uncorrelated patterns
Easily reproducible and comparable Does not require prior theory; based only 
on the data
Does not require prior theory; based only 
on the data
Combines pathophysiological knowledge (hypothesis 
oriented biomarkers) with study data (exploratory 
evaluation of food intake)
Particularly useful for evaluating 
associations between diet and disease 
endpoints
Particularly useful for identifying existing 
patterns of food consumption
Particularly useful for identifying patterns related to 
disease endpoints
Limitations:
Subjective selection of components 
and cut-offs
Subjective decisions regarding cluster 
methods, numbers, distance measure
Subjective decisions regarding number of 
patterns
Subjective decisions regarding number of patterns
Single components are considered as 
independent
Descriptive analysis necessary to 
characterise patterns
Unclear which food items characterise the 
pattern
Unclear which food items characterise the pattern
Dependent on strengths of evidence for 
hypothesis 
Procedure not related to outcomes Procedure not related to outcomes Dependent on knowledge and availability of response 
variables (eg, disease biomarkers)
Assumes additive effects Only a low to moderate proportion of intake 
explained
Only a low to moderate proportion of response 
variation explained
the bmj | BMJ 2018;361:k2396 | doi: 10.1136/bmj.k2396 3
Science and PoliticS of nutrition
vegetables, whole grains, nuts, legumes, 
vegetable oils, and fish and minimise red 
meat, processed meat, and added sugars 
are associated with decreased risk of 
cardiovascular events, cancer, and type 2 
diabetes.5
Controversies and research gaps in 
observational studies 
Evidence for the benefits of fruits, veg-
etables, whole grains, fish, nuts, legumes, 
vegetable oils, dairy, coffee, and tea—and 
for a lower intake of red and processed 
meats and sugar sweetened drinks— comes 
largely from observational studies, which 
have multiple limitations (box 1).
Semiquantitative nature of food intake data in 
observational studies
Most prospective cohort studies use semi-
quantitative food frequency question-
naires. These instruments are not designed 
to provide an accurate estimate of abso-
lute intake. In studies that use quantita-
tive cut-offs to assign points for individual 
components of the pattern, uncertainty 
accumulates. Many pattern indices or 
scores are based on relative cut-offs, which 
might better reflect the semiquantitative 
nature of the underlying assessment instru-
ment.4 Such approaches usually evaluate 
intakes relative to the average consumption 
level in the studied population; for exam-
ple, indices to capture exposure to the Med-
iterranean diet usually assign points for 
components based on centiles of popula-
tion intake.42 Similarly, pattern scores from 
principal component or factor analysis are 
based on food variables standardised to 
the population mean. Consequently, the 
average and variation in absolute intake 
of individual components may vary largely 
among populations investigated for the 
same dietary pattern. This is a substantial 
challenge for making inference on specific 
dose-response relations.
Measurement error
Measurement error is a major limitation of 
observational nutrition studies.43 Research-
ers have tried to tackle the varying validity 
and reliability of dietary questionnaires to 
assess different components of a dietary 
pattern,44 but their results have hardly been 
used in investigations of dietary patterns 
and health outcomes. Studies evaluating 
the validity and reliability of dietary pat-
terns are also scarce.45 46 New biomarkers 
of food intake or food pattern exposure may 
complement or even substitute traditional 
dietary assessments.47 The use of repeated 
measurements of food intake over the fol-
low-up period in cohort studies improves 
accuracy.
Variation in pattern scoring systems
Many studies have evaluated a priori 
defined dietary patterns, but the com-
position of patterns has varied consider-
ably.19 20 31 This limitation also applies to 
randomised trials, where differences in 
the definition of intervention diets are a 
major challenge.48 Investigations of both 
single food groups and food patterns are 
frequently constrained by the informa-
tion collected in food frequency question-
naires. Although it seems clear that foods 
with similar characteristics can be put into 
aggregated groups, broader groups are 
less homogeneous than narrower ones. 
The influence of regional foods and of food 
classifications in the definition and cat-
egorisation of food patterns is still under-
studied.4 49 Comparing different definitions 
for conceptually similar diets would be an 
important step forward; for example, Tong 
and colleagues compared different indices 
of the Mediterranean diet and cardiovascu-
lar disease.50
Box 2 Limitations of randomised controlled trials on food intake and health
•   Recruiting participants for long term changes to diets is difficult, and dropout rates 
are high
•   Dietary advice and actual dietary consumption differ
•   Identifying appropriate control diets is challenging, and treatment intensity between 
intervention and control arms may be imbalanced
•   Blinding dietary interventions is frequently unfeasible
•   Adherence problems limit the difference in exposure between intervention arms
•   Long term interventions to investigate effects on chronic disease risk are costly
Table 2 Associations between intake of foods and chronic disease risk based on published 
meta-analyses and reviews
Food Cancer Type 2 diabetes Coronary heart disease Stroke
Whole grains ↓14 ↓11 12 ↓12 13
Vegetables ↓14 ↓12 13 ↓12 13
Fruits ↓14 ↓12 13 ↓12 13
(Fermented) dairy products ↓14 ↓11 12 ↓12
Red meat ↓14 ↑11 12 ↑13 ↑12 13
Processed meat ↓14 ↑11 12 ↑12 13 ↑12 13
Fish ↓12 13 ↓12 13
Olive oil ↓15 ↓16
Eggs ↑12
Nuts ↓12 ↓12 13
Cocoa/chocolate ↓17 ↓17
Coffee ↓14 18 ↓11 12 18 ↓12 18 ↓12 18
Tea ↓12 ↓12 ↓12
Sugar sweetened beverages ↑11 12 ↑12 13 ↑13
Cardiovascular disease
  Cohort studies
    Trichopoulou 1995
    Knoops 2004
    Mitrou 2007
    Mitrou 2007
    Fung 2009
    Fung 2009
    Buckland 2010
    Sjorgen 2010
    Martinez-Gonzalez 2011
    Agnoli 2011
    Buckland 2011
    Gardener 2011
    Tognon 2012
    Tognon 2012
    Dilis 2012
    Dilis 2012
    Hoevenaar-Blom 2012
    Hoevenaar-Blom 2012
    Misirli 2012
    Misirli 2012
Predimed
Type 2 diabetes
  Cohort studies
    De Koning 2011
    Remaguera 2011
    Abiemo 2013
    Dominguez 2013
    Rossi 2013
    Jacobs 2015
Predimed
0.4 0.6 0.8 1.0 1.2
Relative risk
(95% CI)
Fig 1 | Mediterranean diet and risk of 
cardiovascular events and type 2 diabetes 
in cohort studies according to systematic 
reviews19 20 and the PREDIMED randomised 
trial. 21 22
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Food patterns versus individual food 
components
Food patterns pre-empt potential dietary 
confounding by other aspects of the diet, 
increase the ability to assess stronger 
effects due to the cumulative effects of 
many features of the diet, and allow assess-
ment of the interaction among synergistic 
components. But observed associations 
could be due to single components rather 
than the overall dietary pattern. This can be 
tackled by systematic analysis of the effect 
of single components for the overall asso-
ciation; for example, the reduced diabetes 
risk observed for the Mediterranean diet in 
the Europe-wide EPIC-InterAct study was 
partly attributable to moderate alcohol, 
higher olive oil, and lower meat consump-
tion.51 The evaluation of overall dietary 
patterns could also mask the effects of 
individual foods; for example, exploratory 
patterns including whole grains as com-
ponents showed only marginal inverse 
association with diabetes risk,52-57 whereas 
whole grains were inversely associated.58 59 
Also, dietary patterns usually capture only 
a fraction of variation in food intake, which 
leaves a large space of potential effects 
related to foods not included as compo-
nents of the pattern.
Generalisability of data driven food patterns
Exploratory patterns are specific to the pop-
ulation investigated, so the contribution of 
single study findings to evidence based 
recommendations is limited. Although 
exploratory food patterns might have 
similar components, clear criteria for their 
consistency needed to summarise observa-
tions in meta-analysis are lacking. Replicat-
ing study findings in other populations is 
important, as has been applied in studies 
using reduced rank regression.60 A common 
element of exploratory pattern methods 
is that investigators must make arbitrary 
decisions when, for example, selecting the 
appropriate number of patterns to investi-
gate further (table 1).
Confounding by diet—food substitution
Observational studies are more prone to 
confounding bias than randomised con-
trolled trials. Confounding is not only 
related to other lifestyle factors and gen-
eral risk factors, but to additional food 
exposures. Food intake is characterised 
by combinations and substitutions, so 
appropriate control of correlated foods is 
essential in studies investigating individ-
ual foods as potential risk factors. Cohort 
studies provide the possibility to model 
specific isocaloric food substitutions—an 
underused approach. When evaluating 
reductions in red meat intake, for exam-
ple, taking into account the substitution of 
other protein sources can be informative.61 
Pattern analysis might account for intercor-
relations among foods.
Timescale of dietary assessment in long term 
studies
Inferences from observational studies are 
usually based on comparisons between dif-
ferent groups that differ in baseline intake; 
for example, comparing study participants 
who consume sugar sweetened drinks 
daily with those who consume them less 
frequently. Cohort studies can, however, 
evaluate changes in food consumption 
if repeated measures of intake are avail-
able. Increasing diet quality, assessed as 
adherence to the Alternative Healthy Eat-
ing Index, DASH, or Mediterranean diets, 
has been found to decrease mortality risk 
compared with unchanged adherence.62 
Observational designs that use repeated 
measurements to assess changes in food 
patterns can almost simulate interven-
tional trials and provide strong evidence 
on causality if relevant confounders are 
controlled.
Potential and limitations of randomised trials 
Randomised controlled trials are less prone 
to confounding bias and have the ability 
to control exposure differences between 
groups, allowing for quantification of 
dose-response relations. But randomised 
controlled trials testing dietary interven-
tions are considerably more challenging 
than standard drug trials (box 2).63
One challenge is the difficulty of 
identifying an appropriate control when 
evaluating foods or food patterns.64 If 
control participants do not receive a 
placebo or a comparative intervention, 
there is strong potential for expectation 
bias (expected benefit in the intervention 
group versus expected lack of benefit in 
the control group). The Women’s Health 
Initiative Dietary Modification Trial, for 
example, compared a low fat intervention 
g ro u p  w i t h  i n te n s ive  b e h av i o u r 
modification counselling to increase fruit, 
vegetable, and grain consumption with a 
“usual diet” group receiving diet related 
education materials only.65 Although active 
controls can be designed, such trials are 
difficult to blind. 
Studies depending on dietary advice may 
not result in sufficiently large differences in 
food consumption between intervention 
and control groups due to suboptimal 
Cardiovascular events
  HEI
  AHEI
  DASH
Cancer
  HEI
  AHEI
  DASH
Type 2 diabetes
  AHEI
  DASH
7
8
11
17
10
5
6
5
0.6 0.7 0.8 0.9 1.0 1.1
Index Relative risk
(95% CI)
No of
studies
Fig 2 | Dietary patterns and risk of 
cardiovascular events,31 cancer,31 and type 2 
diabetes19 in meta-analyses of prospective 
cohort studies. AHEI=Alternative Healthy 
Eating Index; DASH=Dietary Approaches to 
Stop Hypertension; HEI=Healthy Eating Index.
Table 3 Key components of the Mediterranean, DASH (Dietary Approaches to Stop 
Hypertension), and Alternative Healthy Eating dietary pattern scores
Food Mediterranean diet26 32 DASH29 30 Alternative Healthy Eating Index28
Cereals* Encouraged Encouraged (whole 
grain)
Encouraged (whole grain)
Vegetables Encouraged Encouraged Encouraged
Fruits Encouraged Encouraged Encouraged
Nuts, legumes Encouraged Encouraged Encouraged
Fish Encouraged Encouraged Encouraged
Meat† Discouraged Fatty meat discouraged Red and processed meat 
discouraged
Dairy products Discouraged Encouraged (low fat) -
Fats Olive oil Discouraged Fat sources high in long chain 
omega3 and total polyunsaturated 
fatty acids, low in trans fatty acids
Sweets/sweetened 
beverages
Discouraged Discouraged Discouraged
Alcohol In moderation - In moderation
Sodium¶ - Restricted Restricted
*Related to total cereals or whole grain cereals, depending on score. 
†Related to total meats or red and processed meats, depending on score. 
¶Considered in some scores
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compliance of participants—this critique 
has been raised for large randomised 
dietary trials, such as the PREDIMED 
study66 and the Women’s Health Initiative 
Dietary Modification Trial.67 For large trials 
with thousands of participants, changing 
people’s habitual dietary patterns demands 
an unparalleled workload. In addition, the 
high costs of running long term intervention 
studies makes it unlikely that associations 
for multiple foods, food substitutions, 
and food patterns can be tested for hard 
outcome endpoints. Still, randomised 
controlled trials can support or refute 
observations using surrogate markers of 
disease. The DASH trial, for example, was 
a controlled feeding trial with a dietary 
pattern rich in fruits, vegetables, and low 
fat dairy products, which reduced blood 
pressure.29 This could be extrapolated to 
a reduction in cardiovascular event risk, 
although no randomised trial has been 
conducted to evaluate if the DASH diet 
affects incidence of cardiovascular disease. 
Surrogate (intermediate) markers such as 
blood pressure can be important mediating 
factors between food intake, food pattern, 
and disease risk. 
Shorter term randomised trials are 
not only a tool to support (or refute) the 
biological causality of observations but can 
also be used to determine potential effect 
sizes. But the triangulation of evidence 
from different sources63 might be difficult 
owing to the different timing and duration 
of exposures in long term cohort studies 
versus short term randomised controlled 
trials of intermediate endpoints, as well 
as the choice of diet sensitive surrogate 
markers.68 Still, this approach is useful 
for the popular diet concepts for which 
evidence on their long term relevance for 
chronic disease prevention is currently 
lacking.
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